PG201 downregulates the production of nitrite by upregulating heme oxygenase-1 expression through the control of phosphatidylinositol 3-kinase and NF-E2-related factor 2.
PG201 is an ethanol extract prepared from a specially designed botanical formulation and has previously been shown to contain strong anti-arthritic activities by controlling inflammation and cartilage destruction in two animal models [1,2]. In the present study, we evaluated the effects of PG201 on the expression of heme oxygenase-1 (HO-1). The treatment of Raw264.7 cells (a murine macrophage cell line) and bone marrow-derived macrophages (BMDMs) with PG201 increased the protein and RNA levels of HO-1. The results from a reporter plasmid assay indicated that PG201 induced HO-1 promoter activity through the stress response element present in the two enhancers of the HO-1 promoter. The treatment of cells with PG201 increased the total amount and the nuclear level of NF-E2-related factor 2 (Nrf2). Protein analysis using BMDMs from Nrf2 knockout mice showed that Nrf2 was necessary for the PG201-mediated induction of HO-1 expression. The PG201-mediated induction of these anti-oxidative stress factors was inhibited by a specific inhibitor of phosphatidylinositol 3-kinase (PI3K), but not by inhibitors of p38, ERK and JNK mitogen-activated protein kinases. Furthermore, the results from an experiment involving a specific siRNA and chemical inhibitors for HO-1 showed that the PG201-mediated increase of the HO-1 protein contributed to the suppression of inducible nitric oxide synthase (iNOS) and nitrite production stimulated by lipopolysaccharide. Taken together, these results suggest that PG201 activates Nrf2 through the PI3K signal transduction pathway, increases the expression of HO-1, and subsequently decreases the production of iNOS and nitrite, eventually exerting anti-inflammatory activities.